Gloeocercospora sorghi was recovered from 68% of sorghum seeds collected from the severely-diseased field at Ebina (Kanagawa prefecture), the emergence rate of these seeds grown in autoclaved soil was as low as 20%, and 80% of the emerged seedlings were diseased with lesions on their leaves.
Introduction
The zonate leaf spot of sorghum, and its causal fungus, Gloeocercospora sorghi were first described by Bain and Edgerton2) in 1943. The occurrence of this disease in Japan was first reported by Nishihara4,5) in 1958.
However, only a few reports on biology of this fungus have been available.
It is suggested that the sclerotia of this fungus survives in soil and primary infection results from rain splashed conidia from sclerotia germinating on the soil surface3). The similar idea was also presented on Ramulispora sorghi (Ell. and Ev.) Olive and Lefebvre, the fungus very similar or related to G. sorghi, by Olive et al. 7) . Gloeocercospora sorghi was also recovered from seed of Sorghum vulgare, and the disease caused by this fungus was suggested to be seed-borne1).
This study was, therefore, conducted to know the seed-borne and soil-borne nature of this fungus.
A part of this study has been published9).
Materials and Methods
Fungus. Among nummerous isolates of G. sorghi from diseased leaves of sorghum collected at Ebina (Kanagawa prefecture), the isolate, No.4, was used as a standard isolate throughout this study.
The isolate, No.687 supplied by N. Nishihara, Nat. Grassland Res. Inst., was also used comparatively in this study. These cultures were stored at 20C.
Media. For culturing, potato-dextrose agar (PDA) was always used. The natural medium containing sorghum straw prepared by the method of Snyder and Hansen8) was used for detection of G. sorghi from seed and infected seedlings.
Sclerotia. Sclerotia were prepared by separating off 10-or 30-day-old cultured sclerotia on autoclaved sorghum leaf tissues with a Waring blendor together with sterilized water and passing through double cheese clothes to remove leaf tissues.
Germination test. Conidia in culture were suspended in sterilized water, seeded on agar media, and tested for germination rate.
Sclerotia in culture, two per plate were also placed on agar media, one by one, and tested for the germination rate and formation of sclerotium-borne sporodochia. Seed and soil assay.
Contamination of sorghum seeds with G. sorghi was assayed by placing seeds onto agar media after washing under running tap water for one hr. or being surface-sterilized with 0.066% Nichino-meru (major content, ethylmercuric sulfate) for 20min. followed by rinsing with running tap water for 30min. To detect G. sorgi from soil, the pathogen-free sorghum seed (var. New Sweet Sorgo) were seeded in potted soil collected from the diseased field at Ebina.
Isolations of the fungus from stems of the seedlings were conducted by placing 5-10mm stem segments near the soil surface on the natural media.
Inoculation. Inoculation experiments were conducted by several different methods using 10-to 20-day-old seedlings grown in autoclaved soil under green house conditions.
One of the most convincing inoculation methods was by smearing spore mass directly on the leaf with a transfer needle and keeping the inoculated plants under 100% moisture for at least 24hr. Germination of conidia and Sclerotia More than 50% of conidia germinated on WA within 2hr, and 100% germinated within 4hr at 20, 25, and 30C, developing germ tubes at one to several cells of each conidium (Figs. 5 and 7, Table 3 ).
Results

Morphology
A hundred % of germination occurred in the sclerotia prepared from 30-day-old culture when tested on PDA within 2 days, but 50% of them from 10-day-old culture germinated 4 days after seeding (Table 4 ).
In addition, 22% of the sclerotia Table 2 .
Number of conidium septation of Gloeocercospora sorghi in three different media tested a) Isolates 4 and 687 were isolated by the authors, and N. Nishihara, respectively. b) WA, PDA, and NM: see Table 1 . c) Frequency (%). Table 3 .
Germination of conidia of Gloeocercospora sorghi on water agar plate formed spore masses directly on sclerotia on WA within 4 days after seeding (Fig 6) , but none or few formed sporodochia on PDA (Table 4) . (Table 5) , but it was easily detected by its characteristic sporodochia formed on the natural medium from the samples from the diseased field.
Even by placing seeds directly on the natural medium without any treatment, 24% of them were found infected with G. sorghi (Table 6) .
About 62 to 80% of seeds collected from the diseased fields did not emerge in autoclaved soil, probably due to G. sorghi, and 33 to 80% of emerged seedlings were diseased with lesions on leaves within a month after seeding ( Table 7 ). The fungus was recovered from lesions on the leaves, but no recovery tests were conducted from the unemerged seeds.
Detection of G. sorghi from soil When the pathogen-free sorghum seeds were grown in potted diseased soil and autoclaved soil, more than 77 % of the seeds were emerged within 16 days after seeding, but no clearcut symptom appeared on the young seedlings a month after seeding.
By the recovery test using stems near the ground, 2 out of 39 seedlings from the diseased soil yielded G. sorghi, but samples from autoclaved soil did not (Table 8 ).
The genera of fungus isolates alphabetically arranged, were as follows: Arthrobotrys, Fusarium, Gliocladium, Penicillium, Pyrenochaeta, Pythium, Rhizoctonia, and Sclerotium.
Pathogenicity
Young seedlings pretreated or nontreated (control) were sprayed with spore suspensions or sterilized water, incubated under 100% moisture condition, and checked Table 6 .
Infection with Gloeocercospora sorghi of sorghum seeds collected from the severely-diseased field in Kanagawa prefecture a) Seeds were directly placed on the medium without any treatment, washed under running tap water for 1hr, or surface-sterilized with 0.066% Nichino-meru for 20min. followed by rinsing with running water for 20min. b) WA, PDA, and NM: see Table 1 . 4 to 6 days after inoculation. The pre-treatment included dusting leaves with agar powder or carborandum (800 or 4000 mesh).
Irrespective of treatments, disease occurrence rates were as low as 2.9-12.7% (Fig.  9) . However, more than 50% of seedlings were always diseased when inoculated with a transfer needle by smearing spore mass onto leaf without injury and incubated under 100% moisture condition at least for 48 hr (Table 9 ; Fig 10) .
Effect of temperature on the disease occurrence was shown in Table 9 , when inoculated by the punch method or spore mass smearing method.
Disease occurrence Table 8 . Emergence of Gloeocercospora sorghi-free sorghum seeds (variety, New Sweet Sorgo) grown in the diseased field soil collected in Kanagawa prefecture, and the infection of the emerged seedlings through soil a) Numerator indicates number of seeds emerged; denominator number of seeds seeded. b) Numerator indicates number of diseased seedlings; denominator number of seedlings emerged. c) Numerator indicates number of infected seedlings from which the fungus was recovered; denominator number of seedlings emerged. Table 9 . Effect of temperature on the disease occurrence of young seedlings (variety Hybrid Sorgo) 3 or 4 day after inoculation a) In the experiment 1 and 2, cotyledons were inoculated by a punch method, and in 3, primary leaves inoculated by the spore mass smearing method. b) Numerator indicates number of diseased plants; denominator number of plants tested. rates were highest at 29C with the most extensive symptom. Influence of incubation period under 100% moisture condition on the disease occurrence was studied by keeping inoculated plants under 100% moisture for 0, 4, 8, and 48hr.
The disease occurred increasingly together with the increase of incubation period when incubated for more than 8hr, but no disease occurred within 4hr (Table 10 ).
In addition, one out of six seedlings was diseased even if inoculum was removed by washing down carefully under running tap water after inoculation and incubation for 2hr in one of the preliminary experiments.
Symptoms developed as early as 24hr after inoculation under optimum experimental conditions. Discussion Gloecercospora sorghi, the zonate leaf spot fungus of sorghum, was detected from sorghum seeds collected from the severely diseased field at Ebina. This pathogen well sporulated on the natural media containing sorghum straw. The emergence rate of the seeds when grown in autoclaved soil was as low as 20%, probably due to the pathogen, and seedlings were diseased with lesions on their leaves.
The fungus was reisolated from such lesions. These results indicate that the disease is seed-borne.
Soil-borne nature of this fungus was suggested by Dean3) who observed that zonate leaf spot first appeared on sorghum on leaves near the ground in the spring at Meridian, and usually these leaves bore residues of rain-splashed soil.
However, no propagule of this fungus from naturally-infested soil and infection through soil had been experimentally demonstrated.
In the preliminary experiments of this study, 440 sclerotium-like structures per gram of soil were isolated from the naturally infested soil by the soil sieving technique, a modified technique of Odovody and Dunkle7), but the identity of these structures were not determined because of heavy contamination of other organisms. In addition, no disease occurred in sorghum seedlings grown in artificially infested soil with 25 sclerotia per gram of soil a month after seeding, probably because of low inoculum potential.
However, seedlings originated from pathogen-free seeds and grown in the naturally infested soil were infected and the fungus was recovered from the lower stems, positively demonstrating the presence of this fungus.
Therefore, the fungus survives in soil, probably in the form of sclerotia, with a potentiality causing infection. Fig. 1 . Spore masses and sclerotia formed on and in the diseased sorghum leaf when kept under moist condition. Fig. 2 . Conidia and conidiophores in culture. Fig. 3 . A basal part of conidium. Fig. 4 . Conidia. Figs. 5 and 7. Germination of conidia on water agar 2hr (5) and 24hr (7) after treatment. Fig. 6 . Germination of sclerotium with formation of sporodochium (arrow). Fig. 8 . Sclerotia cultured. Fig. 9 . Symptom developed on sorghum by spraying spore suspensions. Fig. 10 . Symptom developed by smearing spore mass with a transfer needle.
